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HONEYCOMB CRASH PAD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to crash pads which are placed 
at various locations within a vehicle to reduce injuries caused when occupants, 
hit interior surfaces of the vehicle during a crash. More particularly, the 
present invention relates to the use of interior crash pads which utilize a 
honeycomb structure as the principal energy absorbing element. 

2. Description of Related Art 

There has been and continues to be major effort to develop and design 
vehicle interiors which protect occupants as much as possible during the 
extreme forces experienced during crashes. One approach has involved the 
placement of crash or crush pads at various locations within the vehicle 
interior. The crash pads are designed to absorb the energy of impact as the 
occupant contacts the vehicle interior during a crash. 

Initial crash pads were made from elastomeric materials, such as 
rubber, or from foamed plastics. Although these materials provide some 
protection, they are not particularly efficient and they may release stored 
energy during impact. This release of stored energy, commonly referred to as 
"rebound, w can actually exacerbate injuries suffered during a crash. In 
addition, foam products suitable for use as crash pads tend to be bulky. As a 
result, they are not well- suited for use in vehicle interiors where space is 
limited. In order to reduce the bulk of foamed plastics, they must be made to 
high densities. However, such high density foams tend to be difficult to 
manufacture. 

Honeycomb structures have been used in crash pads as an alternative 
to elastomers and foams. Honeycomb structures are advantageous because 
they are capable of efficiently absorbing large amounts of energy. One example 
of a honeycomb-based crash pad is disclosed in United States Patent No. 
5,649,721. The crash pad is designed for aircraft interiors and utilizes an 
aluminum honeycomb as the basic energy absorbing material. 

There are a number of different problems which must be taken into 
account when developing a crash pad for use in vehicle interiors. The pad 
must provide adequate energy absorption without being so bulky that it 
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intrudes into the vehicle interior. The pad should be light weight. The pad 
must be capable of being mounted in close proximity to the interior surface of 
the vehicle shell without causing squeaking, buzzing or rattling. The pad 
should also be amenable to installation in a wide variety of locations within the 
vehicle interior. In addition, the pad should be capable of accurate and 
efficient installation into the vehicle interior in mass production situations 
such as those present in an automotive assembly line. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, a crash pad is provided which 
is suitable for use in a wide variety of locations within the interior of vehicles. 
The crash pad is capable of absorbing large amounts of impact energy and 
includes features which reduce squeaks, rattles and buzz. The crash pad is 
especially well-suited for use in headliners to protect passengers from head 
injuries. 

The crash pad of the present invention includes a honeycomb which is 
made from energy- absorbing material. The honeycomb includes a first face 
which is located nearest to the interior surface of the vehicle when the 
honeycomb crash pad is located adjacent to the interior surface. The 
honeycomb further includes a second face which is located furthest from the 
interior surface of the vehicle when the honeycomb crash pad is located 
adjacent thereto. The honeycomb has a side surface which extends between 
the first and second faces around the perimeters thereof. 

As a feature of the present invention, a cover plate is provided which 
has an outside surface, an inside surface, and a perimeter wherein the outside 
surface is shaped to match the interior surface of the vehicle. The inside 
surface of the cover plate is attached to the first face of the honeycomb. The 
cover plate can be molded or press fit onto the honeycomb. Alternatively, an 
adhesive layer which is located between the cover plate and the honeycomb 
first surface can be used to provide attachment of the cover plate to the 
honeycomb. 

The cover plate provides positioning of the crash pad on the interior 
surface of the vehicle in a manner which eliminates or substantially reduces 
the amount of squeaking, rattling and buzzing which may result due to contact 
between the crash pad and the interior surface of the vehicle. As another 
feature of the present invention, the honeycomb material used in the crash pad 
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is aluminum and the cover plate is made from a plastic material. This 
combination of energy-absorbing material and cover plate material is especially 
well-suited for absorbing impact energy between passengers and the vehicle 
interior surface, while at the same time minimizing noise generated by contact 
between the crash pad and vehicle interior during normal vehicle operation. 

As a further feature of the present invention, the cover plate may 
include a lip around its perimeter which extends only partially over the side 
surface of the honeycomb. In this configuration, the cover plate forms a cap 
which covers the honeycomb edges to prevent noise generated by contact 
between the edges and the vehicle interior surface. Sharp protrusions, 
commonly referred to as "dog ears," may occur at the honeycomb edge. These 
sharp protrusions can generate a substantial amount of noise when they rub 
against or otherwise contact the vehicle interior surface during normal 
operation of the vehicle. As a feature of the present invention, the dog ears are 
folded over to remove this possible source of noise. 

In addition to the basic honeycomb crash pad, the present invention 
also includes panels for use in the interior of a vehicle wherein the panel is 
located adjacent to an interior surface of the vehicle. The panel includes a 
liner which is attached to the honeycomb crash pad on the surface opposite 
the cover plate.* Panels where the liner is a headliner are preferred. The 
present invention also covers vehicles which include at least one interior 
surface on which a panel in accordance with the present invention is mounted. 

As a further feature of the present invention, the cover plate includes 
one or more positioning elements which are located on the outside surface of 
the cover plate. The positioning elements are useful during fabrication of 
headliner panels wherein the honeycomb is held in place by tooling during 
application of the headliner to the honeycomb surface. The positioning 
elements may also be used to mate with corresponding positioning elements on 
the vehicle in order to allow accurate and reproducible placement of the crash 
pad in mass-produced vehicles, such as automobiles. 

As another feature of the present invention, protuberances are provided 
on the outside surface of the cover plate. These protuberances may be in the 
form of ridges or small bumps which help to position the crash pad in close 
proximity adjacent to the vehicle interior surface. Protuberances on the cover 
plate surface are used when the interior surface of the vehicle is built to 
manufacturing tolerances which may create cavities or contact points between 
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the interior surface and the crash pad. The protuberances provide for localized 
contact between the cover plate and the interior surface of the vehicle to hold 
the crash pad in place. 

The cover plate provides a number of advantages when used in 
5 combination with the energy absorbing honeycomb. For example, it is difficult 

to maintain a given crash pad shape when using thin and/ or flexible 
honeycombs. The cover plate provides sufficient rigidity to the combined 
structure to insure that the desired crash pad shape is retained. In addition, 
the edges of honeycombs tend to be ragged and not well-defined. The cover 

10 plate provides a definite perimeter which is useful in many situations where 

the size and shape of the crash pad must meet certain tolerances. Further, the 
cover plate acts as a protective cap which protects the honeycomb portion of 
the crash pad during transport, handling and installation of the crash pad. 
The cover plate also protects installation technicians, and other individuals 

15 who handle the crash pads from cuts and scratches which may be caused by- 

exposed honeycomb edges. Also, the relatively smooth surface of the cover 
plate provides a suitable location for labels or other identifying indicia which 
are required as part of fabrication and installation processes. 

The above discussed and many other features and attendant 

20 advantages of the present invention will become better understood by reference 

to the following detailed description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG. 1 is a perspective view of a preferred exemplary crash pad in 

accordance with the present invention. 

FIG. 2 is a sectional view of FIG. 1 taken in the 2-2 plane. 

30 FIG. 3 is a side sectional view of a panel in accordance with the present 

invention wherein the crash pad is mounted on one side to a headliner and 
located on the other side adjacent to the interior surface of a vehicle. 



35 



FIG. 4 is a side view of a preferred exemplary crash pad in accordance 
with the present invention which includes protuberances on the cover plate 
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and wherein the "dog ears" which are located at the cut edges of the 
honeycomb have been removed. 

FIG. 5 is a side sectional view of portion of an alternate embodiment of a 
preferred exemplary crash pad where the cover plate has been attached to the 
honeycomb by molding, press fitting, vacuum forming or co-forming. 

DETAILED DESCRIPTION OF THE INVENTION 
A preferred exemplary honeycomb crash pad in accordance with the 
present invention is shown generally at 10 in FIG. 1. The honeycomb crash 
pad 10 is intended to be used in the interior of a vehicle where it is located 
adjacent to an interior surface of the vehicle. Although the honeycomb crash 
pad may be located anywhere within the vehicle interior, it is preferred that 
one or more crash pads be located at various locations in the vehicle headlines 
The crash pad 10 includes a honeycomb 12 which is made from energy- 
absorbing material. Although any number of energy-absorbing materials may 
be used to make the honeycomb 12, it is preferred that thin aluminum sheets 
be used. Preferably, the aluminum sheet will be on the order of 0.0007 inch to 
0.005 inch (0.001 cm to 0.013 cm) thick. Headliner crash pads generally have 
thicknesses on the order of 0.6 cm to 1.3 cm. Knee bolsters are generally 
much thicker with thicknesses being on the order of 15 cm to 26 cm. Preferred 
aluminum alloys include those alloys which are flexible and capable of 
absorbing energy when in the form of a honeycomb. Honeycombs made from 
thin aluminum sheets have been found to be especially effective in absorbing 
impact energy. For example, see U.S. Patent No. 5,649,721 which discloses 
the use of aluminum honeycomb to absorb passenger impact on aircraft 
bulkheads. The honeycomb may include cells having a wide variety of shapes 
provided that the desired impact absorption is achieved. Conventional 
hexagonal honeycomb cells are preferred. 

Referring to both FIGS. 1 and 2, the honeycomb 12 includes a first face 
14 which is located nearest to the interior surface of the vehicle, and a second 
face 16 which is located furthest from the interior surface of the vehicle. The 
honeycomb 12 further includes a side surface 18 which extends between the 
first and second faces 14 and 16 along their perimeters. The side face 18 
shown in FIGS. 1 and 2 includes four sides due to the rectangular shape of the 
honeycomb. The side surface 18 will include at least three surfaces for 
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honeycombs in a triangular shape and may include up to an infinite number of 
surfaces as the honeycomb shape approaches a cylinder. The preferred 
exemplary honeycomb shown in FIG. 12 is depicted as a rectangle for 
simplicity. It will be understood by those of ordinary skill in the art that any 
5 number of honeycomb shapes may be utilized. 

The crash pad 10 includes as an essential feature a cover plate 20. The 
cover plate 20 includes an outside surface 22 and an inside surface 24. The 
outside surface 22 is shaped to match the interior surface of the vehicle. The 
outside surface 22 shown in FIGS. 1 and 2 is relatively flat and is intended for 

10 mounting adjacent to relatively flat interior surfaces. This is for demonstrative 

purposes only, with it being understood that the outside surface 22 may be 
arched in shape or include multiple curves in order to match the shape of a 
given interior surface of a vehicle. The inside surface of the cover plate 24 is 
shaped to match the first face 14 of the honeycomb. This allows the cover 

15 plate 20 to be adhesively bonded to the honeycomb 12 regardless of the shape 

of outside surface 22. As best shown in FIG. 2, the cover plate 20 is bonded to 
honeycomb 12 by an adhesive layer 26 which is located between the cover 
plate inside surface 24 and honeycomb first face 14. It is preferred that the 
cover plate 20 include a lip 28 which extends at least partially down the side 

20 18 of the honeycomb. The lip 28 makes the cover plate 20 a cap which 

protects the dog ears which are located along the honeycomb edges at 30. 

The cover plate 20 may be made from a variety of elastomeric and 
plastic materials. Although elastomers such as rubber may be utilized, it is 
preferred that the cover plate 20 be made from a thermoplastic material, such 

25 as polypropylene or other suitable thermoplastic elastomer. The thermoplastic 

material may be formed into the cover plate by molding suitable thermoplastic 
sheets between mold surfaces which match the interior surface of the vehicle 
on one side and the honeycomb surface on the other. Any number of various 
molding procedures may be utilized, including the use of vacuum bag and 

30 injection molding techniques. 

The honeycomb and cover plate will vary in thickness depending upon 
the particular application for the crash pad. As mentioned previously, the 
crash pads are preferred for use as part of a headliner in automotive vehicles. 
When used in headliners, the thickness of the honeycomb 12, as represented 

35 by "T" in FIG. 2, should be on the order of l A inch to V* inch (0.6 cm to 2 cm). 

This range of thicknesses provides an optimum combination of energy 
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absorption without making the headliner so thick that it encroaches into the 
vehicle interior. Cover plate thicknesses, as represented by a t" in FIG. 1, 
should be on the order of 0.01 to 0.040 inch (0.02 cm to 0.1 cm). The surface 
area defined by perimeters of the cover plate and honeycomb can vary from a 
few square inches up to a few square feet. It is preferred that the surface area 
or footprint covered by the crash pad be on the order of 3 to 150 square 
inches. Crash pads having much larger footprints are also possible. Such 
crash pads can have footprints ranging up to a few square feet. It is further 
preferred that a plurality of crash pads be incorporated into the headliner at 
various strategic locations within the vehicle interior where there is a high 
likelihood of passenger impact during a crash. 

A label 2 1 is preferably attached to the cover plate 20 to allow product 
identification and/or other indicia to be placed on the crash pad. Instead of a 
label, the indicia may be directly printed or molded onto the cover plate. 

A preferred exemplary panel in accordance with the present invention is 
shown in FIG. 3 in the form of headliner 100. The headliner 100 is made up of 
a crash pad 1 10 which is bonded to liner 111. The headliner 100 is shown in 
position adjacent to the roof 113 of a vehicle. The liner 111 includes an inward 
surface 115 which is located furthest away from the interior surface 117 of the 
vehicle and closest to the passenger. The liner 111 further includes an 
outward surface 119 which is bonded to the crash pad 110 and located closest 
to the interior surface 117 of the vehicle. The liner 111 is bonded to the crash 
pad 110 utilizing an adhesive as shown at 127. The adhesive can be any 
adhesive suitable for bonding metals, such as aluminum, to materials typically 
used in headliner s. Hot melt adhesives are preferred. 

The crash pad 110 which is bonded to the liner 111 is the same as 
crash pad 10 shown in FIGS. 1 and 2. The crash pad 110 includes a 
honeycomb 112 and a cover plate 120. The cover plate 120 is bonded to the 
honeycomb 112 utilizing an adhesive 126. The outside surface 122 of cover 
plate 120 is molded or otherwise shaped to match the surface 117 of the roof 
113. These matching surfaces are shown in FIG. 3 as being relatively straight. 
However, the present invention contemplates fitting crash pads to a wide 
variety of interior surfaces 117 which may include one or more curves or other 
complex shapes. In each instance, the outer surface 122 of cover plate 120 is 
molded using a tool which matches the shape of the interior surface 117 where 
the crash pad is to be located. It is preferred that the cover plate 120 does not 
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contact surface 117 and that a gap 121 be maintained between surface 122 
and surface 117. Preferably, the gap will have thickness on the order of a few 
millimeters. 

As shown in FIGS. 1 and 2, locating indentations 23 are provided in the 
cover plate 20. The locating indentations 23 are used to help position and hold 
the crash pad 10 during bonding of headliners thereto. This is especially 
advantageous in mass production settings where multiple crash pads are being 
bonded to a large number of headliners. The locating indentations 23 may be 
used to locate the crash pads on a jig which is then used to hold the crash 
pads as they are bonded to the headliner. Although the locating indentations 
are round, as shown in the preferred embodiments, it will be understood by 
those skilled in the art that any suitable shapes and combinations of 
positioning indentations may be utilized provided that they ensure accurate 
relative placement of the crash pad as it is mounted on the fabrication fixture. 
If desired, the pins may be molded or otherwise formed on the cover plate 
surface with locating indentations being provided in the headliner production 
jig. Also, as is well known, locating pins and locating indentations may be 
formed on both the cover plate and fabrication jig to provide a further indexing 
function to ensure proper orientation of the crash pad during headliner 
fabrication. Placing the locating indentations on the crash pads is preferred. 

Another exemplary embodiment of a crash pad in accordance with the 
present invention is shown generally at 200 in FIG. 4. This crash pad is 
similar to the crash pad 10, except that the dog ears on the perimeter of 
honeycomb 212 have been folded inwards to form compressed sections 201 
and 202. Dog ears located on the honeycomb are a potential source of 
vibration, rattle and buzz which can be eliminated by folding the dog ears 
inward as indicated at 201 and 202. 

Referring again to FIG. 4, the crush pad 200 includes a cover plate 220 
which covers the body of the honeycomb 212. The cover plate 220 may also 
extend over the crushed portions 201 and 202 as shown at 211 and 213. The 
lip may extend up to 100 percent of the thickness (T), to completely cover the 
side of the honeycomb, if desired. 

In many situations during mass production, the manufacturing 
tolerances for various surfaces in the vehicle interior do not match the 
tolerances to which the cover plate can be molded. Accordingly, there are 
instances in which the interior surface (117 in FIG. 3) will vary in dimensions 
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such that it is difficult to easily position and install the headliner. In these 
instances, it is preferred to provide snug fitting of the crash pad against the 
interior surface by locating numerous deformable protuberances on the cover 
plate surface. Exemplary protuberances are shown at 205 in FIG. 4. The 
protuberances are deformable spikes, standoffs, whiskers or ridges which can 
be located over the entire cover plate or at selected locations. Alternatively, 
felt, rubber or other cushioning material may be bonded or otherwise 
incorporated onto the cover plate to enhance positioning and installation of the 
headliner. The use of such additional cushioning materials also provide 
supplemental noise reduction. 

It is also contemplated within the present invention that the cover plate 
may be attached to the honeycomb by press fitting, vacuum forming, co- 
forming or otherwise molding the cover plate on the honeycomb. A portion of a 
crash pad 300 is shown in FIG. 5 where the cover plate 320 has been molded 
directly onto the honeycomb 312. As can be seen from FIG. 5, the lower 
portion of the cover plate 320 extends partially into each of the honeycomb 
cells. If desired, the cover plate may be pre-molded into the shape shown in 
FIG. 5 and press-fit onto the honeycomb in a subsequent operation. Both 
molded and press-fit configurations produce a crash pad in which a separate 
adhesive is not required to attach the cover plate to the honeycomb. The 
dimples on the lower portion of the cover plate which extend down into the 
honeycomb cells are sufficient to keep the cover plate securely attached to the 
honeycomb. If desired, a combination of press-fitting and adhesives may be 
used to provide an extremely strong bond between the honeycomb and cover 
plate. When curved crash pads are made, it is preferred that the cover plate be 
molded and adhered to the curved honeycomb surface in a single step. Prior to 
molding, the cover plate may include a hot melt adhesive layer which bonds 
the cover plate to the honeycomb when the cover plate is molded thereon. 
Alternatively, the cover plate may become sufficiently adherent during the 
molding process such that an additional adhesive is not required. 

The above described embodiments provide for an especially effective 
crash pad which can be mounted adjacent to and in close proximity to the 
interior surfaces of a vehicle without generating annoying noise in the form of 
squeaks, rattles or buzzes. The present invention is well-suited for mass 
production wherein large numbers of crash pads must be quickly, safely and 
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accurately installed into vehicles either by themselves or in combination with 
panels, such as headliners. 

Having thus described exemplary embodiments of the present 
invention, it should be noted by those skilled in the art that the within 
disclosures are exemplary only and that various other alternatives, adaptations 
and modifications may be made within the scope of the present invention. For 
example, if desired, the entire honeycomb can be encapsulated with a cover 
plate in those situations. Accordingly, the present invention is not limited to 
the above preferred embodiments, but is only limited by the following claims. 
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CLAIMS 

What is claimed is : 

1. A honeycomb crash pad adapted for use in the interior of a 
vehicle wherein said crash pad is located adjacent to an interior surface of said 
vehicle, said honeycomb crash pad comprising: 

a honeycomb made from energy absorbing material, said 
honeycomb comprising: 

a first face which is located nearest to the interior surface of said 
vehicle when said honeycomb crash pad is located adjacent to said interior 
surface, said first face having a perimeter; 

a second face which is located furthest from said interior surface 
when said honeycomb crash pad is located adjacent to said surface, said 
second face having a perimeter; and 

a side surface which extends between said first and second faces 
at the perimeter of said first and second faces; and 

a cover plate having an outside surface, an inside surface and a 
perimeter wherein said outside surface is shaped to match said interior surface 
of said vehicle and said inside surface is shaped to match the first face of said 
honeycomb, said inside surface being attached to said honeycomb first 
surface. 

2. A honeycomb crash pad according to claim 1 wherein said 
energy absorbing material is aluminum. 

3. A honeycomb crash pad according to claim 1 wherein said cover 
plate comprises a lip around the perimeter of said cover plate, said lip 
extending over the side surface of said honeycomb. 

4. A honeycomb crash pad according to claim 1 wherein said cover 
plate consists essentially of a plastic material. 

5. A honeycomb crash pad according to claim 1 wherein said cover 
plate comprises one or more positioning elements which are located on the 
outside surface of said cover plate. 

6. A panel for use in the interior of a vehicle wherein said panel is 
located adjacent to an interior surface of said vehicle, said panel comprising: 
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a liner comprising an inward surface which is located furthest 
away from the interior surface of said vehicle, an outward surface which is 
located closest to the interior surface of said vehicle and a perimeter; 

at least one honeycomb crash pad mounted on the outward 
surface of said liner, said honeycomb crash pad comprising: 

a honeycomb made from energy absorbing material, said 
honeycomb comprising: 

a first face which is located nearest to said interior surface of the 
vehicle when said honeycomb crash pad is located adjacent to said interior 
surface, said first face having a perimeter; 

a second face which is located furthest from said interior surface 
when said honeycomb crash pad is located adjacent to said interior surface, 
said second face having a perimeter; and 

a side surface which extends between said first and second faces 
at the perimeter of said first and second faces; and 

a cover plate having an outside surface, an inside surface and a 
perimeter wherein said outside surface is shaped to match said interior surface 
of said vehicle and said inside surface is shaped to match the first face of said 
honeycomb, said inside surface being attached to said honeycomb first 
surface. 

7. A panel according to claim 6 wherein said energy absorbing 
material is aluminum. 

8. A panel according to claim 6 wherein said cover plate comprises 
a lip around the perimeter of said cover plate, said lip extending over the side 
surface of said honeycomb. 

9. A panel according to claim 6 wherein said cover plate consists 
essentially of a plastic material. 

10. A panel according to claim 6 wherein said cover plate comprises 
one or more positioning elements which are located on the outside surface of 
said cover plate. 

11. A panel according to claim 6 wherein said panel is a headliner. 
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12. A vehicle comprising: 

an interior surface; and 

a panel which is located adjacent' to said interior surface, said 

panel comprising: 

a liner comprising an inward surface which is located furthest 
away from the interior surface of said vehicle, an outward surface which is 
located closest to the interior surface of said vehicle and a perimeter; 
at least one honeycomb crash pad mounted on the outward surface of said 
liner, said honeycomb crash pad comprising: 

a honeycomb made from energy absorbing material, said 
honeycomb comprising: 

a first face which is located nearest to said interior surface of the 
vehicle when said honeycomb crash pad is located adjacent to said interior 
surface, said first face having a perimeter; 

a second face which is located furthest from said interior surface 
when said honeycomb crash pad is located adjacent to said interior surface, 
said second face having a perimeter; and 

a side surface which extends between said first and second faces 
at the perimeter of said first and second faces; and 

a cover plate having an outside surface, an inside surface and a 
perimeter wherein said outside surface is shaped to match said interior surface 
of said vehicle and said inside surface is shaped to match the first face of said 
honeycomb, said inside surface being attached to said honeycomb first 
surface. 

13. A vehicle according to claim 12 wherein said energy absorbing 
material is aluminum. 

14. A vehicle according to claim 12 wherein said cover plate 
comprises a lip around the perimeter of said cover plate, said lip extending 
over the side surface of said honeycomb. 

15. A vehicle according to claim 12 wherein said cover plate consists 
essentially of a plastic material. 
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16. A vehicle according to claim 12 wherein said cover plate 
comprises one or more positioning elements which are located on the outside 
surface of said cover plate. 

17. A vehicle according to claim 12 wherein said panel is a 
headliner. 

18. A honeycomb crash pad according to claim 1 which further 
comprises protuberances located on the outside surface of said cover plate, 
said protuberances comprising an end surface for contacting the interior 
surface of said vehicle. 

19. A panel according to claim 6 which further comprises 
protuberances located on the outside surface of said cover plate, said 
protuberances comprising an end surface for contacting the interior surface of 
said vehicle. 

20. A vehicle according to claim 12 which further comprises 
protuberances located on the outside surface of said cover plate, said 
protuberances comprising an end surface for contacting the interior surface of 
said vehicle. 
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